Biliary cystadenocarcinoma with oncocytic differentiation was first reported in 1992. This is a report of a second case. The patient (a 71-year-old man) was admitted to our hospital complaining of abdominal fullness. Multicystic lesions were identified in the left hepatic lobe radiologically. The patient died of peritoneal dissemination of carcinoma 20 months later. At autopsy, the tumor of the left hepatic lobe was found to be composed of adjoining multiple cystic lesions and a solid lesion with infiltration of the hepatic hilus and peritoneal dissemination. Histologically, the multicystic lesions were covered by papillary neoplastic epithelial cells with an eosinophilic granular cytoplasm resembling that of oncocytes and a fine fibrovascular core. The cyst wall was fibrous, but there was no mesenchymal stroma. In the solid lesion and infiltrated areas, acidophilic and granular carcinoma cells formed small glandular or solid cord patterns with much mucin secretion (mucinous carcinoma). Immunohistochemically, carcinoma cells of both components were found to contain many mitochondria and showed the phenotypes of hepatocytes and cholangiocytes. Interestingly, the intrahepatic biliary tree also was invaded by carcinoma cells. This may be a case of intraductal oncocytic papillary neoplasm of the left hepatic lobe followed by secondary cystic dilatation of the affected bile duct.
Biliary cystadenocarcinoma is usually of a mucinous type. In females, this tumor is frequently associated with mesenchymal stroma wall and shows a rather benign clinical course (1, 2) . Histologically, foci of biliary cystadenoma often are admixed with carcinoma components. However, the clinicopathologic features and histogenesis of biliary cystadenocarcinoma in males and/or without mesenchymal stroma remain unexplored.
Recently, Wolf et al. (3) reported "oncocytic differentiation of intrahepatic biliary cystadenocarcinoma." Their patient was a 56-year-old man, and most of the tumor cells were found to contain abundant granular eosinophilic cytoplasm by light microscopy and a large number of densely packed mitochondria by electron microscopy. Their patient died of peritoneal dissemination 25 months after surgical resection. This case lacked a mesenchymal stroma wall.
We recently have encountered a similar case of intrahepatic biliary cystadenocarcinoma with oncocytic changes and peritoneal dissemination at the terminal stage. In this case, the intrahepatic bile ducts also were involved. Herein, this case is reported with an emphasis on histopathologic findings and the histogenesis.
CASE REPORT
A 71-year-old man complaining of abdominal fullness and chest pain was admitted at Kanazawa University Hospital, Kanazawa, Japan, in July 1998. Computed tomography and magnetic resonance imaging revealed multiple cystic lesions and an adjacent solid lesion in the left hepatic lobe, as well as carcinomatous dissemination (Fig. 1) . He was clinically diagnosed as having biliary cystadenocarcinoma with abdominal dissemination.
Laboratory data of hepatic function at admission (Table 1) were almost normal except for elevation of ␥GTP (1.53 IU/L) and CRP (18.0 mg/dL). Peripheral leukocytes were increased (12,000/mL). His abdominal fullness worsened and, in January 2000, massive ascites developed. He was given chemo-therapy injections of Picibanil (10KE) and CDDP (cis-diammine dichloroplatinum, 50 mg each) into the abdominal cavity two times; however, his condition deteriorated. Total serum bilirubin elevated to 21.1 mg/dL, and the other laboratory data were as follows: GOT, 187 IU/L; GPT, 163 IU/L; ALP, 2609 IU/L. He died on March 1, 2000. An autopsy was performed 14 hours after his death.
Pathologic Findings at Autopsy
The left lateral segment of the liver (1320 g) was atrophic and was replaced by multiple cystic lesions and the adjoining solid lesion (Fig. 2, A-B) . The largest cystic lesion was 4 cm in diameter. Other small cystic lesions were adjacent to this large cyst. The cysts contained mucinous fluid. The internal surface of the cysts was rather smooth but multifocally granular and partly papillary configurations. The solid lesion next to the cystic lesion was yellow-green and mucinous on the cut surface. The border of this solid lesion was relatively clear. Between the cystic and solid lesions, fibrous tissue was present. Carcinomatous infiltration was seen in the hepatic hilus and hepatoduodenal ligament. The intrahepatic bile duct of the right lobe was variably dilated, and cholestasis was evident. There was no direct communication between the multicystic lesions and dilated intrahepatic bile duct.
Histologically, the cyst wall was composed of rather dense fibrous tissue, and no mesenchymal stroma was recognizable. Partly, there was marked papillary proliferation of the lining epithelial cells, showing eosinophilic cytoplasm with edematous and myxoid fibrovascular cores (Fig. 3, A-B) . The remaining epithelial cells of the cyst wall were multilayered cuboidal to low columnar with a pseudo- Laboratory data of hepatic function at admission were almost normal except for an elevation of ␥GTP (153IU/L). WBC and CRP were also elevated.
papillary pattern. The lining epithelia showed atypical nuclei with nucleoli and an eosinophilic granular cytoplasm (Fig. 3C ). The cytoplasm of these papillary carcinomas contained fine droplets positive for alcian blue pH 2.5 and mucicarmine stainings. The luminal surface was also linearly positive for these mucinous stainings.
In solid areas, tumor cells were floating in a mucinous substance or fibrous tissue and formed small glands, acini, or small solid nests (mucinous carcinoma) (Fig. 3, C-D) . Tumorous lesions in the peritoneum showed a mucinous pattern. In these areas, the cytoplasm of the tumor cells was distinctly eosinophilic and granular. Cellular features of the epithelia lining the cysts and of the mucinous area resembled each other. These two components of the cystic lesion and solid lesion were partly continuous. Taken together, this solid FIGURE 3. A, Histologically, the cyst wall is composed of dense fibrous tissue, while no mesenchymal stroma is recognizable. There is marked papillary neoplastic proliferation (arrows) of the lining epithelia with fibrovascular cores in the cystic lesion. L, lumen of cystic space. HE, ϫ40. B, The papillary structure of this tumor is evident. The neoplastic epithelia with acidophilic cytoplasm cover the papillae, and the stroma of these papillae are edematous and myxoid (*). The neoplastic epithelia are artificially desquamated. L, bile duct lumen. HE, ϫ150. C, The cystic walls are lined by multilayered cuboidal to low columnar epithelial cells. The epithelial cells show atypical nuclei with nucleoli and an eosinophilic granular cytoplasm. HE, ϫ400. D, E, In solid areas, tumor cells with an acidophilic granular cytoplasm are floating in a mucinous substance (D), or embedded in loose fibrous tissue (E). They form small glands, acini, or small solid nests. D, HE, ϫ200; E, HE, ϫ200 area was regarded as being invaded by papillary carcinoma.
The intrahepatic bile duct, particularly in the left lobe, showed an intraductal spread of carcinoma cells resembling those of the cysts in shape and cytologic features.
Immunohistochemical staining using the EnVision system (DAKO, Glostrup, Denmark) and primary antibodies and the results of immunohistochemistry are shown in Table 2 . The cytokeratin (CK) pattern of this tumor was a biliary type (positive for CK7, 8, 18, 19) . But CK8 and 19 stainings were weak compared with those in normal biliary epithelia. Carcinoma cells were also clearly positive for HepPar-1 (DAKO) and anti-mitochondrial antibody (Bio Genex, San Ramon, CA), showing granular staining patterns. For HepPar-1 staining, the intensity in positive carcinoma cells was comparable with that in non-neoplastic hepatocytes. Staining with anti-mitochondrial antibody revealed the carcinoma cells to be granular in appearance, implying the presence of many mitochondria in their cytoplasm. Albumin was detected in a majority of tumor cells as in non-neoplastic hepatocytes.
Carcinoembryonic antigen and carbohydrate antigen 19 -9 (CA 19 -9) gave negative results in all carcinoma components, as did ␣-fetoprotein.
Other Pathologic Findings
The non-neoplastic liver showed severe cholestasis and portal fibrosis due to carcinomatous obstruction of the intrahepatic large bile duct at the hepatic hilus. In addition, occult cancer was found in the prostate. Histologically, the prostatic carcinoma was a poorly differentiated adenocarcinoma, totally different from the liver tumor.
DISCUSSION
Biliary cystadenocarcinoma is a rare tumor, comprising only 0.18% of all the liver tumors registered by the Japanese Liver Cancer Study Group (4). Biliary cystadenoma and a majority of biliary cystadenocarcinomas are multicystic and are known to be associated with "ovarian-like" mesenchymal stroma (1, 5) They occur in women and have a good prognosis after total surgical resection of the tumor. The histogenesis of cystadenocarcinoma with mesenchymal stroma has been discussed, and "ectopic ovary" or "intrahepatic peribiliary gland" may be a precursor (6) . Recently, D'Errico et al. (7) reported frequent and marked expression of albumin mRNA and biliary CK in all cases of cystadenoma and cystadenocarcinoma examined, suggesting the tumors arose from pluripotent stem cells.
The histogenesis and clinicopathologic features of biliary cystadenocarcinoma without mesenchymal stroma or arising in men remain unknown. This type of biliary cystadenocarcinoma tends to show a poor prognosis compared with that with mesenchymal stroma. In fact, some authors suggest that these two types differ with respect to histogenesis and biologic behavior in addition to morphology. It seems plausible that intrahepatic biliary cystadenocarcinoma without mesenchymal stroma itself may be heterogenous (1, 8 -12) .
Carcinoma cells of biliary cystadenocarcinoma characteristically showed oncocytic changes in the case presented here. So far, only one case of the intrahepatic biliary cystadenoma with oncocytic differentiation has been reported (3). Both cases showed carcinoma cells with an acidophilic granular cytoplasm resembling oncocytes. Many mitochondria were present in these tumor cells, as detected immunohistochemically in this case and ultrastructurally in Wolf's case (3). The clinical course and terminal features of intraabdominal dissemination were also similar in both cases. In this sense, the two cases can be regarded as representing one category of oncocytic biliary neoplasm.
Recently, Adsay et al. introduced a new disease entity, "intraductal oncocytic papillary neoplasm of the pancreas" (13) . This type of tumor develops in middle-to old-aged men as well as women. In this tumor, there is marked cystic dilatation of the pan-
TABLE 2. Primary Antibodies Used in This Case and the Immunohistochemical Results

Antibody
Source Dilution Cystic Area Solid Area
CK, cytokeratin; AFP, ␣-fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; (Ϫ), negative; (ϩ), partially positive; (ϩ ϩ), positive.
creatic duct and many mitochondria in the cytoplasm. Grossly, the tumors had mucin-filled cysts containing papillary projections and sometimes dilated ducts communicating with the main cyst lesion. In our case, the papillary neoplasm with oncocytic changes was seen in the wall of multiple cysts as well as intrahepatic bile ducts, suggesting that the cysts are secondarily dilated intrahepatic bile ducts invaded by these carcinoma cells, though direct communication was not demonstrated grossly in our case. Such a scenario also is proposed in intraductal papillary mucinous neoplasm of the pancreas (IPMN).
The distinction between mucinous cystic neoplasm of the pancreas (MCN) and IPMN has been made much clearer recently. That is, a vast majority of cases of IPMN, which is characterized by predominantly intraductal growth of papillary tumor with mucus hypersecretion, is known to develop secondary cystic changes or dilatation of involved ducts appearing as MCN (13) . Although this issue with respect to hepatobiliary mucinous cystadenoma and intraductal mucin-producing papillary cholangiocarcinomad (14) has not been studied, there are several similarities between these tumors of the liver and those of the pancreas. The main similarities between hepatobiliary mucinous cystadenoma and MCN, and between intraductal mucin papillary producing cholangiocarcinoma and IPMN, are shown in Tables 3 and 4. Intraductal oncocytic papillary neoplasm of the pancreas and IPMN share a number of features, including cystogenesis and progression (13) , and the presence of an oncocytic papillary neoplasm with mucin-filled multicystic lesions in the liver and pancreas suggests that oncocytic papillary cystadenocarcinoma of the liver (3) is more closely related to intraductal mucin-producing papillary cholangiocarcinoma than to hepatobiliary mucinous cystadenoma.
In this case, there was partial continuation between the papillary carcinoma growing in the intrahepatic bile ductal lumen and invasive solid areas and the latter representing invasive carcinoma. The abundance of extracellular mucin in the invasive areas suggests that the invasive component is a colloid carcinoma. The invasive portion in Wolf's case (3) was also a colloid carcinoma. This is interesting because a substantial proportion of the invasive carcinomas arising in IPMN and also the invasive area of intraductal oncocytic papillary neoplasm of the pancreas (14) are colloid carcinomas. Therefore, the oncocytic biliary cystadenocarcinoma, at least in our case, might have originated from an intraductal oncocytic papillary neoplasm followed by strangulation or obliteration of the affected biliary tree. In this context, "oncocytic biliary cystadenocarcinoma" could be a form of intraductal oncocytic papillary neoplasm of the liver.
Our patient showed the biliary phenotypes CK7 and CK19 and also hepatocellular features and phenotypes (many mitochondria and features such as albumin and HepPar-1) (9). As to the oncocytic changes in non-neoplastic biliary epithelial cells, Tobe et al. (15) reported similar changes in nonneoplastic biliary epithelia. Thus, our case might be one of oncocytic metaplasia of papillary neoplasm of the biliary tree or papillary neoplasm from oncocytic biliary epithelia of the intrahepatic biliary tree. 
